Mechanisms of chemical mediated cytotoxicity and chemoprotection in isolated rat hepatocytes.
Although N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) and methylmethanesulfonate (MMS) cause injury and malondialdehyde formation in rat hepatocytes, MNNG toxicity is much more sensitive to inhibition by antioxidants. In order to quantify the relationship between toxicity and antioxidation potential, we compared 14 antioxidants that protected against MNNG and MMS toxicity. Chemoprotection was quantified as the concentration that delayed by 1 h the decline in trypan blue exclusion to less than or equal to 50%. While chemoprotection against MNNG and antioxidant efficacy were directly related (R = 0.86), chemoprotection against MMS and antioxidant efficacy were unrelated (R = 0.37). Since we hypothesized that protection against MMS involved stabilization of membranes, the capacity of the 14 compounds to stabilize membranes in an unrelated system (i.e. prevention of erythrocyte osmotic rupture) was assayed. Chemoprotection against both MNNG and MMS correlated with reduced RBC fragility (R = 0.97 and 0.70, respectively). One of the better protecting compounds, 4b,5,9b,10-tetrahydroindeno[1,2-b]indole, was also protective against hepatocellular toxicity mediated by acetaminophen, carbon tetrachloride and tert-butyl hydroperoxide, suggesting a fundamental basis in the mechanism of chemoprotection. We propose that methylating agents and perhaps other chemical toxicants destabilize cellular membranes resulting in hepatocellular injury. For MNNG, radical mediated events may result in membrane destabilization; for MMS, membranes are destabilized without concurrent radical events. The current studies provide a basis for future work to determine structure-activity relationships of chemoprotective agents, examine protection mechanisms, and develop better protective compounds.